During attempts to prepare active fragments of spinach chloroplasts, we observed major losses of phosphorylative activity following suspension of the chloroplasts in water. This damage was traced to treatments which probably had the effect of removing cations from the chloroplasts, rather than to a simple physical disruption. Indeed, chloroplast fragments have been used successfully in studies of phosphorylation for a considerable time by now (3, 18) . Evi. dence for the basis of the observed damage and characteristics of the inactivated chloroplasts will be described below. 
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Materials & Methods
Spinach leaves were ground for 15 seconds at 75 v in a Waring Blendor, in 0.40 M sucrose, 0.02 M tris4 pH 8.0, and 0.01 M NaCl; or in the same buffer with the addition of EDTA to 0.005 M. Chloroplasts were collected by centrifuging and were washed once as described previously (7) . Following the wash, the chloroplast pellets were resuspended in various test media as indicated in the text (either distilled water, -more sucrose-tris-NaCl, or various low concentrations of salts, etc.). Control chloroplasts resuspended in sucrose-tris-NaCl were not handled further; experimental series were centrifuged in the Servall at 15 ,000 x g for 15 minutes. The pellets from the Servall centrifugation were finally resuspended in sucrosetris-NaCl in all cases. All suspensions were adjusted to 0.015 mg of chlorophyll per 0.1 ml. Chlorophylls a plus b were determined by the method of Arnon (2) .
All standard assays for phosphorylative activity were performed in 0.5 ml final volume, containing in 'Received Aug. 9, 1961. 2 Contribution No. 350 from the McCollum-Pratt Institute. 3 Supported in part by Grant RG3923 from the National Institutes of Health. 4 Abbreviations used in this paper include: tris for tris-(hydroxymethyl)aminomethane; ADP The dual effect of EDTA is illustrated strikingly in figure 1. Chloroplasts were prepared in EDTAfree buffer solutions, then suspended either in water (which in this case was not damaging) or in increasing concentrations of EDTA. Phosphorylation was measured after removal of chloroplasts from the test solution. It can be seen that 10-6 M EDTA had no effect; 10-5 to 10-3 M EDTA caused increasing damage; but that 10-2 andi 5 X 10-2 were no longer damaging. Although a large number of ionic materials had a protective effect, sucrose and mannitol were ineffective even at the hypertonic concentrations of 0.6 M (table V) .
Although damaged in their ability to phosphorylate, water-treated chloroplasts show no loss of ability to perform a Hill reaction. Reduction of either trichlorophenol-indophenol dye (at pH 7.2) or of ferricyanide (at pH 8.0, with no additions) is, indeed, more rapid with the water-treated particles than with those protected by MgCl2 (table VI) . Mg-protected particles show a typical coupling phenomenon-a more rapid rate of ferricyanide reduction when ADP, P04, and Mg are present thaln without, and(I an inhibition of the rate by ATP (4, 5, 8, 9 (the maximal rate actually observed here is equivalent to a Qo9Chl of about 5,500). It is also of interest that ferricyanide reduction by water damaged particles is actually inhibited above pH 8.3, compared to the controls.
For comparison, figure 2 includes pH curves of normal chloroplasts uncoupled by 3 X 10-3 M ethylamine. This reagent also activates ferricyanide reduction in the absence of phosphorylation (8) . The shape of the pH curves appears not to be altered by ethylamine in tris-PO4 buffer, but is different from the control in pyrophosphate buffer.
The increased rate of ferricyanide reduction is much more pronounced at high than at low light intensities. The double reciprocal plot (1/velocity vs. 1/light intensity) shows a 5-fold increase in the intercept with relatively little change in the slope of the curve (fig 3) . These results indicate that the most pronounced effect is on a limiting dark reaction (9) . The complex kinetics of control chloroplasts, show-ing a break in the curve at about 1,000 ft-c ( fig   3) has been observed repeatedly under our present measuring conditions. Phosphorylation in air is inhibited more severely than that with nitrogen ( ation was found, surprisingly, to be quite dependent on high light intensities (fig 4) . There is a distinct knee in the rate vs. light intensity curve for waterdamaged particles, with no measurable phosphorylation at the lowest intensity used. Alternatively, we can point out that the inhibition of phosphorylation is more severe, the lower the light intensity, varying from only 51 % at 5,000 ft-c to 100 % at 15 ft-c.
Again, for comparison, figure 4 (table IV) . Since the concentration of salt needed for protection shows a 100-fold (lifference between monovalent and divalent cations, and the anion (chloride) is the same in both cases, it is quite likely that protection is provided by the cation., at least for those effective at 10-4 mr. This is entirely consistent with the function of EDTA in causing uncoupling in the first place. The effects of monovalent salts at 10-2 _M could either represent protection by the cation again, or a salt effect in which the anions also participate. The protective function is extremely nonspecific, as emphasized by the fact that even compounds which uncouple when present in the reaction mixture (ammonium salts, ethylamine) are protective in the pretreatment. The dual nature of the EDTA curve (fig 1) can be explained by removal of bound (livalent cations in the range fromii 10-5 to 10-3 M causing uncoupling, but the Na+ ions in the Na-E,DTA providing protection at 10-2 Al.
Mitochondria ( 15) bacteriophages ( 1, 13, 16 ) and bacterial protoplasts (11, 12, 15) are damaged in the al)sence of cations, and protected from damage when cations are present. In these other systems monovalent ions (lo not seem to be effective, and often spermine and sperimidine are unusually effective protective agents. The requirement for cations in chloroplast membranes, therefore, seems to be even less specific than in these other structures.
From the ability to uncouple clhloroplasts prepared fromii leaves ground without EDTA (tables II & III) it is suggested that chloroplasts in the cell may not have tightly bound divalent cations, sufficient to protect them from later washing in buffered sucrose or in water. During homogenization they would acquire suich ions, possibly arising from the liberated vacuolar salts. On the other hand, when grinding in a large volume of buffer the concentration of vacuolar salts would not be high enough to cause a sufficient level of adsorption. Any monovalent cations present in these latter chloroplasts must be easily washed out in water, and, therefore, they would be uncoupled when suspended in plain water. Chloroplasts with the more tightly bound divalent cations would only be uncoupled after the bound cations had been remloved by EDTA. This suggestion, of course, requires direct measurements of adsorption of cations by chloroplasts to be fully established.
The mechanism for the uncoupling described here is entirely unknown. Since it is rapid and irreversible (table IX) it suggests a change in structure of some part of the cliloroplast electron transport mecha-nism or substratunm. The change in shape of the pH curve (fig 2) and the different kinetics with respect to light intensity (fig 3) suggest that ferricyanide is reduced at a step by-passing the phosphorylation site, after uncoupling. There is no direct evidence to rule out the alternative, however, of an internal breakdown of a high energy intermediate prior to ATP (4) .
The kinetics of ferric-anide reduction with respect to light intensity have been studied intensively, and have usually shown a simple hyperbolic relationship (10, 14) . In the present instance this simple relationship appeared only after uncoupling by treatments removing cations (fig 3) . It is difficult to compare all the differences in procedure and materials between these experiments and the more extensive earlier work (14) , thus it would not be at all safe to assume that the apparently complex kinetics of untreated chloroplasts is in general a more native condition.
Uncoupling by treatments removing cations differs from that due to addition of ammonium ions or amines (5, 9) in the fact of irreversibility, in the shape of the pH curve for ferricyanide reduction (fig 2) , and in the response of residual phosphorylation to different light intensities (fig 4) . Uncoupling by very high concentrations of anions, recently discovered by Good (6) is also easily reversible. Uncoupling by cation removal resembles that due to dilution in 0.35 M NaCl at. pH 6.0 (8) with respect to irreversibility, and the shape of the resultant pH curve for ferricyanide reduction. However, the dilution in NaCl is slower to cause uncoupling (unpublished observation) and is not prevented by adding Mg or Ca salts.
Summary -
Treatmients that tendl to remove cations from chloroplasts lead to a decreased ability to phosphorylate and an increased rate of reduction of ferricyanide. This type of uncoupling can be prevented by a wide variety of divalent cations at 10-4 M and by salts containing monovalent cations at 10-2 M. Other characteristics of chloroplasts uncoupled by this procedure are described.
